L. buccalis into a given number of antigenic types. From the data obtained by the various serological techniques, a tentative picture of the antigenic complex was formulated. The outermost layer of freshly isolated strains appears to be type-specific, and may be lost or altered upon passage on artificial media. Beneath this surface component lie one or more antigens, which may prove to be group antigens shared by several strains of L. buccalis.
The genus Leptotrichia was created by Trevisan (1879) to differentiate certain filamentous microorganisms of the oral cavity from the freeliving filamentous Leptothrix species described by Kutzing (1843) . Since the description of Leptotrichia buccalis by Trevisan was based solely on microscopic observation, the term was later inaccurately applied to a wide variety of unrelated oral filamentous bacteria (Gilmour, Howell, and Bibby, 1961) .
The bacillus which most closely resembles that defined by Trevisan was first adequately characterized by Thj0tta, Hartmann, and B0e (1939) . Subsequently, more definitive investigations of the cultural and biochemical reactions of L. buccalis were conducted by B0e and Thjotta (1944) , Hamilton and Zahler (1957) , Davis and Baird-Parker (1959) , Takazoe and Frostell (1960) , Kasai (1961) , and others. This organism has also been studied as a member of the genus Fusobacterium (Hine and Berry, 1937; Jackins and Barker, 1951) , and it is apparently the type species of this genus in the seventh edition of Bergey's Manual (Breed, Murray, and Smith, 1957) . Recently, Omata and Braunberg (1960) suggested that Fusobacterium fusiforme was synonymous with the organism termed L. buccalis.
Some of the earliest serological investigations with this microorganism were conducted by Varney (1927) , Slanetz and Rettger (1933) , and Spaulding and Rettger (1937) . Although the latter workers reported that some strains spontaneously agglutinated, they presented evidence to indicate the existence of two serological types. Thjotta et al. (1939) were unable to detect typespecific differences when ten human strains were tested against five antisera with the complementfixation reaction.
In view of the limited attention shown to the antigenic structure of L. buccalis, it seemed that a reexamination of the serological characteristics might aid in definition of the genus. The present communication reports the results of our studies, in which we employed indirect fluorescent antibody staining, agglutination, and precipitin reactions to discern antigenic differences among 39 isolates.
MATERIALS AND METHODS
Isolation and maintenance. Samples of materia alba and saliva were obtained from the oral cav-1313 on July 8, 2017 by guest http://jb.asm.org/ Downloaded from ity of patients in the University of Illinois dental clinics and of laboratory personnel, by use of a sterile cotton applicator. The swab was rolled onto the surface of plates of the selective medium described by Baird-Parker (1957) . This medium contained (%, w/v) proteose peptone, 1; yeast extract, 0.1; beef extract, 0.3; glucose, 1; soluble starch, 0.2; L-cysteine hydrochloride, 0.05; anhydrous Na2HPO4, 0.5; NaNO3, 0.1; agar, 1.5; dissolved in distilled water. After autoclaving at 121 C for 20 min, the following additions were made: sulfathiazole to 0.05 mg/ml; ethyl violet to a final concentration of 1:15,000. The inoculated plates were incubated at 37 C for 48 hr in an atmosphere of 95% N2 and 5% Co2.
The plates were observed with the aid of a stereomicroscope for the typical "medusa-head" and "filamentous outgrowth" colonies, described by Hamilton and Zahler (1957) and BairdParker and Davis (1958) . Colonies which appeared to be Leptotrichia were restreaked on maintenance medium (Baird-Parker's medium, modified by the omission of the ethyl violet and sulfathiazole). After 48 hr, the plates were examined, and typical well-isolated colonies were Gram stained; if they appeared to be pure and had typical cellular morphology, they were transferred to slants of maintenance medium. The isolates were assigned numbers in order of their isolation, and only one pure culture obtained from any individual was placed in the stock culture collection.
To minimize the probability of antigenic changes or loss of members of the culture collection, the strains were suspended in litmus milk and either lyophilized or frozen. Lyophilized cultures stored at 4 C were still viable after 1 year; those strains frozen and stored at -56 C were viable for 3 to 4 months.
Biochemical reactions. Carbohydrates were prepared as a 20% solution in distilled water, Seitz filtered, and added aseptically to sterile basal medium (maintenance medium without starch or dextrose, containing 0.02% phenol-sulfonphthalein) to give a final concentration of 1%. The slant was streaked, and the butt was stabbed with the appropriate organism; the fermentation reactions were read after 1, 3, and 7 days of anaerobic incubation. Tests for nitrate reduction, indole, and hydrogen sulfide production were conducted with organisms cultivated in maintenance broth modified by the addition of KNO3 (0.1 %) and tryptophan (0.01 %), or by the omission of L-cysteine hydrochloride, respectively. Each strain was tested by the techniques described in the Manual of Microbiological Methods of the Society of American Bacteriologists (1957) . The presence of catalase was determined by the method of King and Meyer (1957) .
Preparation of antigens. The organisms used for immunization or precipitin reactions were harvested at 72 hr from maintenance broth, and washed three times with sterile phosphatebuffered saline (pH 7.2) by repeated centrifugation at 732 X g for 15 min. For immunization, the washed intact cells were standardized to the density of a no. 4 MacFarland nephelometer tube, and stored at 4 C. Antigens for precipitin reactions were prepared from suspensions adjusted to a turbidity of 50% transmission at 540 m,u with a Coleman Junior spectrophotometer, model 6 A; the suspensions were disrupted by 20 min of sonic treatment in a 10-kc Raytheon sonic oscillator, centrifuged at 732 X g for 30 min, and the supernatant fluid stored at -20 C.
Preparation of immune sera. New Zealand White rabbits (2 kg) were given injections of formalin-treated standardized suspensions of each of 12 isolates. The vaccine (1 ml) was administered subcutaneously 5 days before intravenous injections were started; the intravenous injections were given on 3 consecutive days, followed by 4 days of rest. The amount of antigen given per injection is indicated by the following protocol: first week, 0.1, 0.2, and 0.3 ml; second week, 0.3, 0.5, and 1.0 ml; third week, 0.5, 1.0, and 2.0 ml; fourth week, 0.5, 1.0, and 2.0 ml. Seven days after the final injection, the rabbits were bled and the sera stored at -20 C.
Absorption of immune sera. Washed, packed cells (1 ml) were mixed with 2 ml of a 1:10 dilution of immune serum. The serum and cells were mixed vigorously every 15 min during a 2-hr incubation period in a water bath (37 C). The cells were removed by centrifugation at 732 X g for 30 min, and the serum was carefully removed and stored at -20 C.
Agglutination reactions. After an initial 1:10 dilution of antiserum, serial twofold dilutions were made, and 0.5 ml of antigen, previously standardized to 60% transmission at 540 mIy, was added to each tube. Both the antigen and the antiserum were diluted in phosphate-buffered saline (pH 8.0). Normal serum and antigen controls were included in each assay. The preparations were incubated in a water bath at 56 C for 2 hr, and read after standing at room temperature for 10 min.
Precipitin reactions. In the ring tests, the sonic extract was layered carefully over a portion of antiserum in narrow test tubes (internal diam, 2 mm). The reactions were read after 30 min of incubation at 37 C. Normal serum controls were included in each assay.
Indirect fluorescent-antibody technique. Organisms for the fluorescent-antibody studies were prepared from 48-hr plate cultures. Isolated colonies were carefully picked, suspended, and washed three times in distilled water. To obtain a very thin smear, the organisms were resuspended to the density of a no. 2 MacFarland nephelometer tube, and two drops were applied to acid-cleaned microscope slides. The smears were air-dried, fixed by immersion in 95% ethanol for 1 min, washed in three changes of distilled water, air-dried, and stored at 4 C.
Diluted unlabeled antiserum was applied to the smears, and allowed to incubate for 30 min at 37 C in a moist chamber. The slides were washed twice (5 min each time) in buffered saline (pH 7.2), given a 5-min rinse in distilled water, and air-dried. Fluorescein-labeled goat antirabbit globulin (Microbiological Associates) was applied to the slides, which were incubated at room temperature for 15 min; the slides were then washed and air-dried, as previously described. For controls, diluted unlabeled normal rabbit serum and saline were used in the same manner as the antiserum. The specificity of the fluorescent-antibody reaction was also established by demonstrating that fluorescence was lost after three of the antisera were absorbed with the homologous organisms.
Fluorescence Thj0tta et al. (1939) .
All strains were anaerobic, and none produced catalase, indole, hydrogen sulfide, or reduced nitrates. Strains 1 to 12 produced acid, but no gas, on the following carbohydrates: dextrose, fructose, maltose, and mannose. Lactose and galactose were fermented by some of the strains, but none fermented raffinose, rhamnose, or xylose. Strains 13 to 39 were tested only with dextrose, maltose, and mannose, since the latter two carbohydrates serve to differentiate Leptotrichia from Fusobacterium (Baird-Parker, 1960; Omata and Braunberg, 1960) .
Since there was little specific information pertaining to antibody production in rabbits immunized with Leptotrichia, an experiment was designed to test the relative efficacy of three (Mellon, Hastings, and Anastasia, 1924) , different buffers at various pH values, alcohol-chloroform extraction (White, 1927) to remove a possible hydrophobic layer, sonic treatment in different diluents for varying periods of time, different incubation temperatures, and various heat treatments were frequently unsuccessful. Some of the strains responded to one treatment but not to another; strain differences were quite pronounced, and no single method produced stable suspensions for all isolates.
Since the agglutination reactions were not reproducible with many strains, precipitin tests were performed with soluble antigens obtained by sonic treatment of whole cells. The precipitin tests (Table 2) were technically satisfactory; however, in general they revealed little strain specificity. Strains 1, 5, and 10 showed little evidence of cross reaction with the antisera tested; but, in the case of strains 5 and 10, only weak reactions were obtained even in the homologous systems. The remainder of the strains cross-reacted extensively with heterologous sera.
It seemed necessary to supplement these observations by use of the fluorescent-antibody technique to obtain information on the surface antigens of the organism. To determine the sensitivity and specificity of the indirect fluorescent antibody system, dilutions of six of the antisera (Table 3 ).
There was a reasonable correlation between the titers obtained by the fluorescent antibody and the agglutination reactions. The remaining five antisera gave 3 to 4 + reactions at a 1:20 dilution. This dilution was used in tests for cross reactions with other strains, since nonspecific background staining was occasionally observed with undiluted serum.
To avoid error, a single strain was tested against each of the antisera on separate slides. Staining intensity ranged from -to 4+. Some strains cross-reacted extensively, whereas others appeared to be rather specific (Table 4) . If one disregards the minor reactions, i.e., 1 to 2+, it is evident that strains 2, 8, and 10 cross-reacted with three heterologous antisera; strains 3, 6, and 12 each cross-reacted with only one heterologous serum; and the others appear to be specific.
To determine whether true antigenic differences existed, three antisera (2, 6, and 8) were each absorbed with strains 2, 6, and 8, and each of these strains was tested with absorbed and unabsorbed antisera. The results of this experiment (Table 5 ) revealed that strains 2 and 8 were closely related. When antiserum 8 was absorbed with strain 2, it no longer reacted with strains 2 and 8. When serum 2 was absorbed with strain 8, the specific reactivity of the serum against strain 2 was greatly diminished. Strain 6 appeared distinctly different from strains 2 and 8, because it cross-reacted to a low degree with serum 8 and not at all with serum 2.
In an attempt to test additional strains of L.
buccalis with the 12 antisera, eight isolates which had received many transfers (>30) on main- on artificial media, and that this change resulted in a decrease in serological specificity. Therefore, 15 strains of L. buccalis were isolated and tested with the 12 antisera after only three transfers on maintenance medium. From Table 7 , it is apparent that these strains were serologically less reactive than those which had received numerous passages. If one disregards the minor reactions, i.e., 1 to 2+, it is evident that strain 26 reacted with three of the antisera, and strains 21, 29, 33, and 35 reacted with two of the antisera. Strains 23, 27, and 31 reacted with only one of the antisera, and the others appeared nonreactive. These data appear to support the hypothesis that fresh isolates possess a strain-or type-specific surface component or antigen.
As an additional test of the validity of this proposition, four new isolates were tested after 3 and 32 passages on maintenance medium. The results of this experiment (Table 8 ) appear to confirm the postulation. Although the greatest change in staining intensity occurred with strain 37, the others showed a pronounced increase in serological reactivity.
DISCUSSION
This investigation of the antigenic characteristics of L. buccalis indicates that it is possible to devise a serological classification of this genus. The indirect fluorescent antibody staining appears to be the most useful procedure for studying the antigenic structure, since agglutinin reactions with many strains were unreliable due to autoagglutination.
The fluorescent-antibody cross reactions of the first 12 strains consisted primarily of minor reactions (1 to 2 +), although some major (3 to 4 +) cross reactions did occur. No distinctly specific types were immediately discernible, and there appeared to be a sharing of antigens between several of the isolates. These results are essentially in agreement with those reported by Spaulding and Rettger (1937) and Thj0tta et al. (1939) . The latter investigators found that all their strains cross-reacted in complement-fixation tests, but most strains gave higher titers with the homologous antiserum.
The results of the reciprocal absorption experiment conclusively demonstrated that there are significant qualitative antigenic differences among Leptotrichia which we isolated. At the time the absorption experiments were conducted, the three strains tested had undergone 12 passages on artificial media; therefore, it was not possible to determine whether these differences were related solely to an envelope antigen, or to deeper somatic antigens. On the basis of the precipitin tests, it seems likely that deeper antigens are shared by several strains of L. buccalis.
The increase in serological reactivity of L. buccalis upon repeated transfer on artificial medium may represent a change in the configuration of the haptenic portion of a dominant surface antigen, or a loss of a portion or all of a typespecific envelope antigen and the emergence of deeper somatic antigens common to several but not all strains of the organism. This latter hypothesis seems to be partially substantiated by the presence of the refractile material surrounding the cells of freshly isolated strains. Failure to recognize the importance of this substance may account for the lack of type specificity reported by Thj0tta et al. (1939) and B0e and Thj0tta (1944) .
If it is true that serological specificity is related to an envelope antigen, the so-called minor cross reactions observed in the freshly isolated strains (Table 7) are more difficult to explain. However, all the cultures we used to prepare antisera had received six passages on maintenance medium, and some antigenic changes may have occurred even after these few transfers. On the other hand, the minor cross reactions could merely indicate quantitative differences in the amount of various antigens present in different isolates.
From the data presented in this investigation, it would be premature to attempt to separate L. buccalis into a given number of serological types. The answer to this problem awaits the results of additional work in which many cultures are tested with absorbed antisera. However, a tentative picture of the antigenic complex of L. buccalis may be constructed. It seems likely that the outermost layer is a type-specific antigen. Beneath this surface component lie one or more antigens, which seem to be group antigens shared by several strains of the organism.
We believe that the most significant observations made in the study are the necessity of limiting the number of transfers on artificial media, and the apparent relationship of an envelope antigen to serological specificity. It is hoped that these experiments might serve as a guide for future investigations.
